The effect of para-ortho shift is found on heat exchanger design by calculating heat exchanger sizes for several hydrogen to nitrogen flow ratios. This calculation shows that size is exponential to a limit when plotted against lbs of H 2 / lbs of N 2 (#H 2 ) flow and that para-ortho shift has a pronounced effect above 5#H 2 [#N 2 .
The purpose of these calculations is to evaluate the effect of para-ortho shift on the heat exchanger size when using hydrogen as a condensing media for nitrogen.
DISCUSSION OF METHODS AND RESULTS
The Newtonian heat exchanger equation (Q = UAAT) was assumed as a basis for calculations, where Q = heat flow, U = overall heat transfer coefficient, A = area, and AT change in temperature.
As a first approximation normal hydrogen was assumed to have the same specific heat (Cp) as para hydrogen, and the total AQ was found for normal hydrogen to nitrogen heat exchange and for a normal hydrogen plus heat of conversion (of para to ortho hydrogen) to nitrogen heat exchanger. This is found in Appendix I in detail.
It must be realized that the normal hydrogen curve is valid; however, the normal hydrogen plus a heat of conversion curve is artificial and has no real meaning. The artificiality is useful, however, to predict the difference between para and equilibrium hydrogen curves. This is found and justified later by comparison with the calculated para curves.
The enthalpy of para hydrogen was calculated from normal hydrogen data and heats of conversion. This is shown in Appendix I, figures 12 and 13.
From the calculated enthalpy of para hydrogen the size of para hydrogen and para hydrogen plus heat of conversion to nitrogen heat exchangers were calculated. The results are shown in the Appendix I.
The size of the 1-2 -N 2 heat exchanger is found to be an exponential function with a limit when plotted vs flow ratio of #N 2 / #H 2 as shown in Figures 4, 5, 6, 14, and 15.
The effect of para-ortho shift is shown in Figures 7, 16 and 17 and becomes quite important above a flow ratio of 5#N 2 /#H 2 .
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The effect of nitrogen pressure variations is shown in Figure 11 of Appendix I.
A sample calculation of a heat exchanger weight is made in Appendix 11.
The difference between normal H 2 plus heat of conversion and para hydrogen is shown in Figure 16 .
CONCLUSIONS
The size of a H 2-N 2 heat exchanger condenser is exponentially a function of flow ratio of #N 2 /#H 2 . This is in agreement with the literature. The function is such that at 800 psia hydrogen and 20 atm (194 psia) or 33.5 atm N 2 being cooled from 3000 or 500*R, a straight line assumption is reasonable below the flow ratio of 5#N 2 /#H 2 . Above this value the assumption is poor.
The effect of hydrogen para-ortho shift on heat exchanger design is small at low ratios of #N 2 /#H 2 up to 3#N 2 /#H 2 . Above this value it becomes a minor factor and should be considered. Above 5#N 2 /#H 2 the para-ortho shift affects the size of an exchange 25 percent or more and is a major factor.
DATA SOURCES
The enthalpy of H 2 was taken from NBS RP 1932 and Cambridge Corporation Data.
N 2 enthalpy was taken from WADC TR 59-8, Cryogenic Data Book.
The para-ortho data is taken from Scott's "Cryogenic Engineering" and NBS RP 1932.
The U is taken from WADC TR 59-422, the final report of AiResearch Products, Inc., under Contract AF 33(600)-34222.
A H in this case, and AT is temperature drop causing the heat flow.
The UA 2 columns are the sum of the UA 1 columns but are more accurate than the sum of the rounded figures in UA since this operation was performed simultaneously with the calculation of UA 1 .
Columns 41 and 47 are the same as Columns 12 to 18 but for 33.5 atm N 2 .
The data Columns 41 to 47 are plotted in figure 3. Heat Exchanger UA (which is proportional to size and weight).
Columns 60 to 73 are the data for figures 8 and 9.
Columns 48 to 59 are similar to 20 to 40 but are the data needed to plot figure 10.
Figure 11 is a plot of the effect of pressure on UA at 5#N 2 /#H 2 and 6#N 2 /#H 2 with and without para-ortho shift.
Column 74 is the heat of conversion if normal hydrogen is converted to para (.75 times column 8).
Column 75 is the total change in 74 and as such is the A H of the para-ortho shift. This value is the number in column 74 subtracted from 228.15 and represents a cumulative difference in Cp.
Column 76 is the sum of 75 and 5 and is a calculated H for para hydrogen. This is plotted in Figures 12 
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